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Many  vigilance  experiments  are  not  verv  relevant  to  sonar 
work.  The  most  relevant  experiments  are  listed  »n  Table  1.  In 
most  experiments  vigilanc*’  declines  during  the  watch,  even  after 
fairly  prolonged  practice  at  the  task. 

The  decline  in  vigilance  can  be  prevented  if  identical  artificial 
signals  are  injected  when  there  are  no  real  signals,  and  full 
knowledge  of  results  is  given  on  the  artificial  signals  (Figure  It. 
Another  method  of  maintaining  vigilance  is  to  provide  the  man 
with  the  assistance  of  a computer.  If  desired  the  computer  can 
be  programmed  to  inject  artificial  signals,  and  give  knowledge 
of  resu.ts  on  them,  when  it  detects  no  true  signals. 

Table*  2 lists  tna  effects  of  mild  stresses  upon  vigilance. 

A sieep  debt  of  about  5 hours  reduces  vigilance.  With  enlisted 
men,  vigilance  is  low  at  the  start  of  the  working  day.  and  after 
a heavy  meal.  A cabin  which  is  rather  too  warm  for  comfort 
mav  help  to  increase  vigilance.  So  may  extraneous  noises. 
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Vigilance  experiments  and  sonar  detection 


Sor.ar  work 

1.  Sonar  work  can  be  described  using  the  parameters  of  vigilance  experiments.  It 
unrobes  prolonged  and  repeated  work  sessions,  with  very  few  signals  and  inadequate 
knowledge  of  results.  Visual  search  may  or  may  not  be  involved. 

2.  The  sonar  man  has  to  work  a number  of  hours  every  day  trying  to  detect  targets. 
Usually  there  are  few  ships  close  enough  to  be  detected.  There  may  be  few  or  no 
targets  during  a complete  watch 

3.  When  a target  is  detected,  the  officer  of  the  watch  may  not  know  whether  there  is 
a ship  in  the  vicinity.  So  he  cannot  always  state  confidently  that  the  so/iar  man  is 
correct  in  his  detection,  or  that  he  has  made  a false  detection.  Perhaps  more 
important,  when  an  obvious  target  is  not  reported,  the  officer  of  the  watch  often  does 
not  know  that  an  obvious  target  has  been  missed.  Thus  the  sonar  man  has  no  clear  idea 
of  how  well  or  badly  he  is  performing. 

4.  Visual  search  is  not  required  when  a sonar  man  works  with  the  output  of  a single 
channel,  whether  it  is  displayed  to  his  ears  or  to  his  eyes.  Visual  search  is  essential 
with  present  day  sonar  systems,  where  the  man  receives  the  outputs  of  a number  of 
channels.  In  future  systems,  a computer  may  be  able  to  mark  the  areas  of  the  display 
for  the  man  to  look  at.  Mere  visual  search  will  cease  to  be  quite  such  an  important 
aspect  of  sonar  detection  as  it  is  in  present  day  sonar  systems. 

The  most  relevant  vigilance  experiments 

5.  The  most  relevant  vigilance  experiments  involve  repeated  prolonged  work  sessions, 
without  knowledge  of  results  on  the  success  of  detections.  Examples  are  the  2 week 
watchkeeping  experiments  carried  out  at  MRC  APU,  which  are  summarized  by 
Colqunoun,  Blake  and  Edwards  (1969b).  These  and  the  other  most  relevant  experiments 
are  listed  in  Table  1. 

6.  All  the  experiments  in  the  table  have  more  signals  than  a soaar  man  usually 
receives.  This  is  because  more  signals  supply  the  experimenter  with  more  iata, 

and  so  improve  the  reliability  of  his  results.  The  experimenter  strikes  a compromise 
between  presenting  few  enough  signals  for  the  task  to  be  a vigilance  task,  an! 
presenting  sufficient  signals  to  provide  an  adequate  amount  of  data  on  performance. 
There  is  one  experiment  in  the  table  with  only  1 signal  per  1 hr  session  (Loeb  and 
Binford,  1970).  Even  this  represents  24  sonar  targets  in  24  hours. 

7.  Column  5 of  Table  1 shows  that  most  of  the  experiments  have  brief  signals.  The 
chief  exceptions  are  the  experiments  by  Adams  (Adams,  Humes  and  Sieveking,  1963; 
Adams,  Humes  and  Stenson,  1962)  and  by  Wallis  and  Samuel  (1961).  Here  the  signals 
last  respectively  up  to  20  sec  and  up  to  60  sec.  It  might  be  thought  that  brief  signals 
are  not  representative  of  visual  sonar  displays,  because  the  phosphor  persists  for 
seconds  or  even  perhaps  for  a minute.  This  is  not  necessarily  so,  evei  with  a 
persistent  phosphor. 

8.  Brief  signals  can  be  regarded  as  representative  of  visual  search  tasks.  This  is 
because  if  the  man  does  not  happen  to  be  attending  during  his  brief  glance  at  a 
particular  display  area,  he  will  miss  a signal  in  this  area,  unless  he  has  another  look 
later  on.  Brief  signals  are  also  representative  of  listening  to  a sona^  which  rapidly 
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scans  a wide  angle,  because  the  signal  from  a target  somewhere  in  the  area  lasts  only  a 
second  or  two.  If  the  man  is  not  attending  during  the  critical  second  or  two,  be  will  miss 
the  signal.  The  signal  may  not  be  repeated  on  the  next  sonar  scan  if  the  submarine 
from  which  it  comes  disappears  into  the  shadow  zone. 

9.  Column  7 of  Table  l shows  that  the  experiments  by  Adams  and  by  Wallis  and 
Samuel  involve  visual  search.  Tnis  makes  the  long  lasting  signals  they  use  comparable 
to  the  brief  signals  used  in  the  remaining  experiments.  The  major  discrepancy  is 

the  auditory  task  used  by  Wallis  and  Samuel.  Here  the  auditory  signals  ar;  increased 
in  intensity  until  the*  are  detected.  If  this  task  vere  representative  of  sonar  work, 
fatique  would  not  be  a problem,  because  a signal  would  always  be  detected  once  it  had 
a large  enough  signal  to  noise  ratio. 

Other  vigilance  experiments 

10.  The  vast  majority  of  vigilance  experiments  (see  Davies  and  Time,  1970)  are  not 
listed  in  Table  1.  Many  of  the  experiments  involve  a short  practice  followed  by  a 
single  experimental  session.  These  experiments  are  not  included  in  the  table  decause 
the  man  is  not  sufficiently  practised  at  the  task.  In  some  experiments  part  or  all  of  the 
expected  decline  in  vigilance  during  the  experimental  session  is  masked  by  the  improve* 
ment  with  practice  at  detecting  signals  (see  Poultcn,  1960). 

11.  In  other  vigilance  experiments  each  man  is  presented  with  a different  experimental 
condition  in  each  session.  The  order  of  conditions  is  balanced  for  the  group  of  men 
serving  in  the  experiment,  by  using  a latin  square  design.  For  example  the  number 

of  signals  may  be  varied  from  session  to  session. 

12.  The  difficulty  with  experiments  of  this  kind  is  that  the  results  may  apply  only  to 
people  who  have  been  trained  on  all  the  signal  frequencies  used  in  the  experiment.  The 
results  do  not  necessarily  apply  to  people  who  have  always  received  only  a small  number 
of  signals  per  session.  The  results  are  likely  to  be  biassed  by  range  effects,  and  by 
transfer  effects  between  one  signal  frequency  and  another  (Poulton,  1973). 

13.  There  can  be  eimilar  difficulties  of  interpretation  if  an  intensive  practice  with 
many  signals  precedes  a vigilance  session  with  .few  signals.  At  the  start  of  the 
vigilance  session  the  man  tends  to  respond  more  frequently  than  he  should,  because  be 
has  been  responding  more  frequently  during  the  practice.  Using  this  strategy,  he  starts 
by  detecting  a high  proportion  of  e goals  But  he  makes  a large  cumber  of  false 
detections  (Colquhoun  and  Badueley,  1964).  This  depresses  the  overall  quality  of  bis 
performance  as  measured  by  d'  (an  index  of  the  ability  to  detect  signals).  Probability 
matching  is  discussed  *n  greate**  detail  later  in  the  review. 

Uncomplicated  fatigue 

The  decline  in  vigilance  after  fully  learning  a t?sk 

14.  Columns  8 and  9 of  Tabic  1 show  the  duration  and  number  of  work  sessions  in 
vigilance  experiments  with  many  sessions.  The  right  side  of  the  table  shows  whether 
there  arc  changes  in  performance  during  work  periods  towards  the  end  of  the  number 
of  sessions  listed  in  column  9.  Of  the  31  entries  where  results  are  avail?ble,  a decline 
in  vigilanco  during  the  task  certainly  or  probably  occurs  in  all  except  7.  The  7 
exceptions  arc  each  Indicated  by  an  underlined  No. 

15.  A failure  to  show  a reliable  decline  in  vigilance  during  the  task  does  not  prove  that 
there  is  no  decline.  An  unreliable  result  may  be  due  to  using  too  few  people  in  the 
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experiment,  or  be  too  much  variability  in  performance.,  for  4 of  the  entries  in  the 
table  which  do  not  show  a reliable  decline  in  vigilance  <C  H Baker,  1963:  Carpenter,  1946: 
Cotquhoun  and  Edwards.  19?o>  there  is  nothing  sufficiently  unusual  about  the  experiments 
to  explain  why  vigilance  does  not  decline  reliably  during  the  session.  If  the  distribution 
of  the  average  measured  decline  in  the  30  or  so  experiments  is  plotted  the  results  of 
the  4 experiments  may  simplv  be  found  to  lie  in  the  tail  of  the  distribution,  where  the 
sizes  of  the  measured  declines  in  vigilance  approach  zero 

16.  However  there  are  good  reasons  for  the  other  3 exceptions,  which  are  discussed 
later  in  the  review.  In  the  Hartley.  Olsson  and  Ingleby  (19721  experiment  the  man 
receives  computer  assistance.  In  both  the  Wallis  and  Samuel  (1961 ) conditions  the 
man  receives  immediate  knowledge  of  results.  When  a signal  is  reported,  it  is 
acknowledged  by  the  experimenter.,  who  turns  off  the  signal. 

17.  In  most  of  the  experiments  the  decline  in  vigilance  is  less  marked  in  the  later 
sessions  alter  learning  the  task,  thanit  is  in  the  earlier  sessions  before  much  learning 
has  taken  place.  There  are  2 reasons  for  this.  First,  in  some  experiments  the  initial 
one  or  more  sessions  are  preceded  by  an  intensive  practice  period  with  many  signals. 

The  man  therefore  expects  frequent  signals  when  he  starts  the  session.  Colquhoun 
and  Baddeley  (1964)  show  that  this  increases  the  number  of  detections  at  the  start  of  the 
session.  As  a result,  there  is  a greater  decline  during  the  course  of  the  session.  The 
intensive  practice  also  increases  the  number  of  false  detections  at  the  start  of  the 
session. 

18.  The  second  reason  for  the  greater  decline  during  a session  before  fully  learning 
the  task,  is  that  initially  the  task  is  novel  and  challenging  The  man  starts  with  an 
intense  concentration,  which  he  cannot  maintain  for  the  duration  of  the  session.  As 
his  level  of  arousal  falls  during  the  session,  his  peformance  deteriorates. 

19.  The  change  in  the  level  of  arousal  during  the  initial  vigilance  session  is  reflected 
in  various  physiological  measures  (Daniel.  1967:  Dav.es  and  Krkovic.  1965:  Eason, 
Beardsall  and  Jaffee.  1965;  O'Hanlon,  1979  Wilkinson  and  Haines.  1970).  The  people 
who  ^how  marked  physiological  measures  of  arousal  during  an  initial  session,  tend  to 
detect  more  signals  during  the  session  than  people  who  show  less  marked  physiological 
measures  of  arousal  (O  Hanlon,  1970;  Poock,  Tuck  and  Tinsley  , 1969).  However 
most  of  the  changes  m the  physiological  measures  are  barelv  reliable  statistically. 

This  is  because  people  vary  a good  deal  in  the  particular  physiological  measures  which 
indicate  their  individual  levels  of  arousal  (Poulton.  1970.  Chapter  2). 

20.  After  a good  deal  of  practice,  the  task  ceases  to  be  novel  and  challenging.  The  man 
then  starts  with  a level  of  concentration  which  is  not  much  °bove  the  level  which  he  can 
maintain  throughout  the  session.  The  decline  in  vigilance  during  the  session  is 
therefore  smaller. 

Immediate  knowledge  of  resuits  may  prevent  or  reduce  a decline  in  vigiiiu. 

21.  In  columns  10  and  11  of  Table  1,  knowledge  of  results  is  listed  as  immediate  or 
delayed.  With  immediate  knowledge  of  results,  the  man  is  usually  informed  at  once 
when  he  correctly  detects  a signal,  and  when  he  makes  a false  detection.  If  a signal 
ih  uui  detected  within  a fixed  short  period  of  time,  the  man  is  told  that  he  has  missed 
a signal. 

22.  With  delayed  knowledge  of  resuits,  the  man  is  usually  told  after  each  session  how 
many  signals  he  has  detected,  how  many  *•«  has  missed,  and  the  number  of  his  false 
detections.  His  scores  and  those  of  his  colleagues  in  the  experiment  may  be  posted  on 
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a notice  board  for  everyone  to  «ee.  In  some  experiments  immediate  knowledge  of  results 
is  combined  with  delayed  knowledge  of  results.  The  combination  is  called  by  Wilkinson 
(1964)  full  knowledge  of  results. 

23.  It  has  already  been  suggested  that  immediate  knowledge  of  results  may  have 
prevented  the  decline  in  vigilance  in  the  experiment  of  Wallis  and  Samuel  (1961).  There 
is  a suggestion  in  the  experiment  by  Wiener  (1968)  that  immediate  knowledge  of  results 
may  have  reduced  the  size  cf  the  decline  in  vigilance  within  sessions  after  practice. 

If  anything  the  undergraduates  who  always  receive  immediate  knowledge  of  results  show 
a smaller  decline  in  detections  during  their  last  session  with  knowledge  of  results,  than 
does  the  control  group  of  undergraduates  which  is  always  without  knowledge  of  results. 

But  unfortunately  Winner  does  not  report  the  statistical  reliability  of  the  difference. 

24.  A number  of  experiments  compare  immediate  knowledge  of  results  with  no  knowledge, 
using  only  1 or  2 experimental  sessions.  Immediate  knowledge  of  results  is  found  to 
increase  the  number  of  detections  and  the  speed  of  detections,  and  to  reduce  or  eliminate 
the  decline  in  vigilance  within  sessions.  As  already  indicated,  a difficulty  about  these 
brief  experiments  is  that  the  man  has  not  fully  learnt  the  task.  Immediate  knowledge 

of  results  helps  to  teach  the  task.  More  rapid  learning  may  alone  account  for  the  effect 
of  immediate  knowledge  of  results  in  such  brief  tasks.  It  cannot  be  deduced  that 
immediate  knowledge  of  results  will  have  an  equally  beneficial  effect  occe  the  task  baa 
been  fully  learnt. 

Delayed  knowledge  of  results  and  probability  matching 

25.  In  vigilance  experiments,  a number  of  sessions  with  delayed  knowledge  of  results 
can  produce  behaviour  known  as  probability  matching.  The  man  makes  about  as  many 
responses  during  each  session  as  he  knows  that  there  are  signals.  Of  the  experiments 
listed  in  Table  1,  probability  matching  after  practice  is  shown  in  the  experiments  of 
Buckner.  Harabedian  and  McGrath  (1960),  Hartley,  Olsson  and  Ingleby  (1972), 

Hatfield  end  Soderquist  (1969),  and  by  Wiener's  (1968)  group  with  immediate  knowledge 
of  results. 

26.  If  tht-  man  adopts  the  strategy  of  probability  matching,  he  makes  a relatively  large 
number  of  false  detections  when  he  detects  few  signals.  He  makes  relatively  few  false 
detections  when  he  detects  most  of  the  signals.  Thus  d’  (an  index  of  the  ability  to 
detect  signals)  andg  (an  index  of  cautiousness)  rise  and  fall  together. 

Full  knowledge  of  results  on  additional  artificial  signals 

27.  It  is  not  often  possible  to  tell  the  sonar  man  when  he  has  correctly  detected  a 
signal,  or  missed  a signal.  But  Wilkinson  (1964)  points  out  that  full  knowledge  of  results 
can  be  supplied  on  signals  which  are  injected  artificially.  Figure  1 from  his  paper 
illustrates  the  advantage  of  doing  this.  ' 

28.  The  unfilled  points  show  the  proportion  of  detections  of  8 real  signals  by  a group  of 
6 enlisted  men,  who  are  given  an  additional  40  artificial  signals  on  alternate  sessions. 

On  the  40  artificial  signals  the  men  receive  immediate  knowledge  of  results,  ana  scoies 
on  these  signals  are  posted  on  a notice  board  after  each  session.  No  knowledge  of 
results  is  available  on  the  8 real  signals.  The  artificial  signals  are  identical  with  the 
real  signals.  The  men  arc  not  told  when  an  artificial  signal  will  appear,  as  they  are 

in  the  unsuccessful  experiment  by  Wallis  and  Newton  (1957).  The  filled  points  represent 
a control  group  of  6 men  who  never  receive  artificial  signals,  nor  knowledge  of  results. 
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Figure  1.  Tne  effect  upon  the  detection  c:  reel  signals  of 
injecting  artificial  signals  (lS)  and  giving  knowledge  of  results 
(SB)  on  the*.  A.  Sessions  2,  3 and  6 with  40  artificial  signals 
identical  with  the  8 real  signals  (IAS).  B.  Sessions  1,  4 and 
5 with  only  8 real  signals  (NoAS).  The  filled  points  represent 
the  results  of  a control  group  whioh  nevex  receives  artificial 
signals.  (After  Wilkinson,  1964) . 

The  differences  m height  between  the  functions  with  filled 
and  unfilled  points  are  probably  due  to  an  initial  difference 
between  the  2 groups  of  sen.  In  the  very  first  session  without 
artificial  signals,  the  aen  who  are  to  receive  artificial 
signals  make  twice  as  aany  detections  as  the  control  group, 
s and  5 tines  as  many  false  detections.  Both  differences  are 

I statistically  reliable.  The  results  m the  figure  look  such 

the  sane  if  the  first  2 sessions  are  excluded  on  the  grounds 
| that  the  aen  are  not  than  fully  practised.  The  details  of  the 

experiment  are  listed  towards  the  bottoa  of  Table  1 . For  the 
group  (not  snown)  with  different  artificial  signals,  the 
artificial  signals  last  O.67  sec. 


29.  The  left  side  of  the  figure  shows  that  in  the  one  hour  sessions  with  identical 
artificial  signals  and  knowledge  of  results  on  them,  vigilance  on  the  real  signals  does 
not  decline  during  the  hour.  Whereas  with  only  the  8 real  signals  without  knowledge 
of  results,  vigilance  does  decline.  If  an  early  session  is  excluded  becaurs  the  iiien 
are  not  fully  practiced,  the  decline  in  vigilance  is  statistically  reliable. 

30.  The  right  side  of  the  figure  shows  the  results  of  the  alternate  session  when  the 
experimental  group  has  only  the  8 real  signals.  Here  vigilance  declines  as  much  during 
the  hour  as  it  does  with  the  control  group  which  always  has  only  real  signals.  Thus  in 
this  experiment  it  is  necessary  to  continue  to  provide  artificial  signals  if  they  are  to 
be  of  the  greatest  benefit.  It  is  not  yet  known  whether  this  is  necessary  when  only 
occasional  artificial  signals  are  injected. 

31.  Wilkinson  (1964)  runs  3 other  experimental  groups.  The  results  of  one  group 
Indicate  that  to  be  of  greatest  assistance,  the  artificial  signals  have  to  be  identical 
with  the  real  signals.  The  results  of  the  other  2 groups  indicate  that  to  be  of  greatest 
assistance,  full  knowledge  of  results,  both  immediate  and  delayed,  must  be  given  on  the 
identical  artificial  signals.  Telling  the  man  at  once  when  he  detects  an  artificial 
signal,  or  fails  to  detect  an  artificial  signal,  prevents  part  of  the  decline  in  detections 
on  the  real  signals.  But  the  decline  is  only  fully  prevented  by  also  pcsting  the  scores 
on  the  artificial  signals  on  a notice  board  After  each  session,  and  drawing  the  man's 
attention  to  his  and  his  colleagues'  scores.  To  get  the  best  out  of  the  man,  his 
reputation  among  his  colleagues  as  a sonar  man  must  be  made  to  depend  upon  his 
performance. 

32.  If  results  similar  to  those  in  Figure  1 are  obtained  with  only  occasional  artificial 
signals,  it  will  suggest  a possible  use  for  a computer  which  works  in  parallel  with  the 
sonar  man.  When  the  computer  fails  to  detect  any  possible  signals,  it  can  be 
programmed  to  inject  an  artificial  signal  from  a store  of  artificial  signals,  and  to 
provide  knowledge  of  results  on  it.  This  will  help  to  keep  the  man  alert  when  there  are 
no  real  signals.  It  can  also  serve  a useful  function  in  training  at  sea,  if  the  artificial 
signals  are  selected  to  be  a representative  sample  of  the  likely  signals,  and  vary  in 
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signal  to  noise  ratio. 

Problems  of  operating  with  art^  cial  signals 

33.  In  using  artificial  signals  mixed  with  rea>  signals  at  sea.  the  principal  problem  is 
the  appearance  at  the  same  time  of  an  artificial  signal  and  a real  signal.  This  can 
happen  if  the  computer  does  not  detect  the  teal  signal,  and  so  injects  an  artificial 
signal.  If  the  computer  subsequently  detects  the  real  signal,  it  can  indicate  this  to  the 
man,  and  hurriedly  remove  the  artificial  signal.  But  if  the  computer  leaves  the 
artificial  signal  because  it  does  not  detect  the  real  signal,  the  display  will  present  2 
simultaneous  signals.  The  sonar  man  may  not  detect  both  signals,  if  his  attention  is 
fully  occupied  by  the  first  signal  which  he  detects.  When  he  happens  to  detect  the 
artificial  signal  first,  he  may  miss  the  real  signal  unless  he  is  on  the  look  out  for  more 
than  one  signal.  Thus  ie  must  be  warned  to  expect  more  than  one  signal  at  a time. 

34.  If  the  sonar  man  detects  the  real  signal  first,  there  is  onl>  a small  chance  that  it 
will  be  confused  with  the  artificial  signal.  For  confusion  to  occur,  the  2 signals  must 
have  about  the  same  range  and  bearing.  Though  possible,  this  is  unlikely  to  happen 
very  often.  If  the  artificial  signal  is  switched  off  as  soon  as  the  computer  is 
interrogated,  the  presence  of  the  real  signal  in  the  same  position  should  then  be  noticed 
by  the  sonar  man.  This  is  because  he  will  use  the  criterion  of  disappearance  of  the 
signal  to  decide  whether  the  signal  is  real  or  artificial.  If  he  sees  that  the  signal  remains 
on  the  display  after  he  has  interrogated  the  computer,  he  will  know  that  it  represents 

a real  target.  He  will  then  follow  the  procedure  which  is  laid  down  for  reporting  real 
targets. 

35.  A minor  problem  in  the  use  of  artificial  signals  may  occur  if  the  officer  in  charge 
decides  to  stop  the  injection  of  artificial  signals  for  a while.  He  may  do  so  if  he 
expects  signals  from  a number  of  real  targets.  In  Figure  1 the  probability  of 
detecting  real  signals  falls  almost  as  soon  as  the  artificial  signals  are  removed. 

Officers  need  to  be  warned  of  this  possibility. 

Computer  assistance  as  a substitute  for  knowledge  of  results 

36.  Computer  assistance  is  an  alternative  method  of  combating  fatigue  during  sonar 
work  periods.  In  the  experiment  by  Hartley,  Olsson  and  Ingleby  (1972)  in  Table  1, 

a group  of  16  enlisted  men  receives  assistance  from  a computer.  Two  seconds  before 
each  noise  burst  which  may  contain  a tone  signal,  a displav  indicates  whether  the 
computer  has  detected  a signal.  The  computer  uses  6 degrees  of  confidence,  from 
certain  signal  to  certain  no  signal.  The  computer  is  correct  on  75%  of  trials. 

37.  Without  computer  assistance,  a control  gioup  detects  reliably  fewer  signals  in  the 
second  halves  than  in  the  first  halves  of  the  las",  A sessions.  With  computer  assistance 
the  decline  in  vigilance  is  small,  and  not  statistically  reliable.  It  is  about  one  quarter 
the  size  of  the  decline  v/ithout  computer  assistance. 

38.  The  vigilance  of  the  computer  does  not  change.  If  the  man  follows  the  cor  iputer, 
his  performance  should  not  chiange  either.  The  small  drop  in  the  number  of  correct 
detections  presumably  occurs  on  trials  when  the  man  fails  to  follow  the  computer.  It 
is  not  yet  known  whether  the  decline  in  vigilance  can  be  prevented  by  a computer  which 
is  le.js  often  correct,  say  on  only  65%  of  tri?ls  instead  of  on  75%. 
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Figure  2«  The  effect  upon  the  detection  of  wanted  or  target 
signals  of  presenting  many  unwanted  sets  of  signals.  The 
filled  points  represent  the  results  of  a control  group  of 
12  enlisted  aen  which  receives  12  sets  of  unwanted  signals, 
and  12  sets  each  containing  a wanted  or  target  signal.  The 
unfilled  points  are  for  a separate  group  of  sen  which  receives 
132  seta  of  unwanted  signals,  and  12  sets  each  containing  a 
wanted  or  target  signal.  (After  Colquhoun,  1961). 
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Computer  assistance  with  changes  in  criterion 

3d.  It  might  be  thought  that  when  there  are  no  obvious  signals,  the  computer  should 
adopt  a less  cautious  criterion.  It  will  then  indicate  signals  when  they  are  less  likely 
to  be  targets.  An  experimental  simulation  of  this  question  has  not  yet  been  attempted. 

40.  Indicating  less  likely  targets  may  not  be  found  to  improve  detection.  The  less 
likely  targets  may  have  a similar  effect  to  Cclquhoun's  (1961)  unwanted  visual  signals, 
which  is  illustrated  in  Figure  2.  In  the  condition  with  few  unwanted  signals,  each 

of  12  enlisted  men  are  presented  with  2*  sots  of  6 visual  signals.  Twelve  of  the  sets 
8ach  contain  one  target  signal.  The  remaining  1 2 sets  do  not  contain  a target  signal. 

The  total  of  24  sets  are  a>stributed  at  irregular  intervals  during  the  40  minutes  of  the 
experimental  period.  The  display  is  blank  for  98%  of  the  time.  During  this  time  the 
man  can  relax. 

41.  In  the  condition  with  many  unwanted  signals,  a separate  group  of  men  are  presented 
with  144  sets  of  6 visual  signals.  Again  12  sets  each  contain  one  target  Bignal.  But 
here  there  are  132  sets  which  do  not  contain  a target  signal,  11  times  as  many  as  in  the 
previous  condition.  The  display  is  blank  for  88%  of  the  time.  The  difference  in  height 
between  the  2 functions  is  reliable  statistically.  In  both  condit  ions  about  3%  of  the 
unwanted  signals  are  reported  as  targets. 

42-  Colquhoun' s unwanted  sets  of  signals  reduce  the  proportion  of  detections,  instead 
of  increasing  it.  The  effect  is  in  the  opposite  direction  to  the  effect  of  Wilkinson's 
(1964)  identical  artificial  signals  with  knowledge  of  results  on  them.  This  is  because 
Colquhoun's  extra  signals  are  unwanted.  The  man  becomes  used  to  rejecting  them. 
Probably  as  a result,  he  rejects  more  real  target  signals  when  they  do  appear.  The 
results  have  been  confirmed  since  by  Jerison,  Pickett  and  Stenson  (1965),  and  by 
Loeb  and  B inf  ora  (1968). 

43.  The  experiment  suggests  that  it  may  be  unwise  for  the  computer  to  change  its 
criterion  from  the  optimum  when  it  fails  to  detect  any  signals  for  a while.  If  it  is 
wished  to  keep  the  sonar  man  alert,  it  would  appear  preferable  for  the  computer  to 
insert  identical  artificial  signals  from  a store  of  typical  signals,  and  present 
knowledge  of  results  on  them.  As  already  indicated,  the  signals  could  help  to  train  the 
man  at  sea,  as  well  as  helping  to  keep  him  alert. 

Mid  stresses  which  reduce  or  increase  vigilance 

44.  Vigilance  tasks  which  resemble  sonar  work  are  particularly  susceptible  to  stress. 
This  is  because  the  tasks  are  prolonged  and  boring.  Vigilance  tasks  are  therefore 
standard  tasks  to  use  in  assessing  the  influence  of  relatively  mild  stresses  upon  work 
(Wilkinson,  1969b).  There  are  a number  of  experiments  which  illustrate  the  effects 
of  various  stresses  upon  vigilance  tasks.  Experiments  which  give  reasonably 

unant)  iguous  results  are  listed  in  Table  2.  Not  all  the  stresses  are  detrimental.  An 
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uncomfortably  hot  sonar  cabin  with  a bit  of  noise  may  help  to  maintain  vigilance. 

45.  The  experiments  upon  reduced  sleep  and  watchkeeping  towards  the  top  of  the  table, 
are  based  upon  relatively  long  series  of  work  sessions.  So  are  the  experiments  on  the 
effects  of  fever.  Most  of  the  remaining  experiments  in  the  table  are  based  upon  the 
minimum  number  of  sessions  which  are  required  to  compare  the  various  experimental 
condi.i  ons. 

46.  There  are  2 disadvantages  of  short  experiments,  which  limit  the  generality  of  the 
results.  First,  as  already  pointed  out,  the  task  is  not  well  practised.  It  is  noi 
possible  to  tell  whether  the  task  will  be  more  or  lees  affected  by  the  stress  when  it  is 
performed  by  people  who  are  better  practised.  All  one  can  conclude  with  reasonable 
certainty  is  that  the  task  is  likely  to  be  affected  to  some  extent. 

47.  The  second  disadvantage  of  short  experiments  is  that  the  people  are  not  used  to  the 
particular  stress.  This  criticism  does  not  apply  to  the  experiments  on  heat  in  Table  2, 
because  in  both  experiments  the  men  are  well  acclimatized  before  testing  starts.  But 
the  criticism  does  apply  to  the  remaining  short  experiments  in  the  table. 

48.  There  is  some  evidence  (Wilkinson,  1969b)  that  people  who  are  used  to  a particular 
detrimental  3tress  tend  to  perform  better  under  the  stress  than  people  who  meet  the 
stress  for  the  first  time.  There  are  a number  of  reasons  for  this  (Poulton,  1970, page 
34)  which  will  not  be  discussed  here.  It  means  that  the  detrimental  effects  reported 

in  the  table  for  unacclimatized  pio^e  may  be  less  marked  for  acclimatized  people. 

But  it  seems  unlikely  that  the  effects  will  disappear  completely  upon  acclimatization. 

49.  With  detrimental  stresses,  the  unacclimatized  sonar  man  should  be  the  typical 
person.  Permanent  detrimental  stresses  can  usually  be  avoided.  This  is  particularly 
important  for  the  sonar  man,  because  sonar  is  so  easily  affected  by  stress.  It  should 
be  only  in  exceptional  circumstances  that  the  sonar  man  is  exposed  to  detrimental 
stresses  which  can  be  avoided. 

Avoiding  loss  of  sleep 

50.  Table  2 shows  that  a sleep  debt  of  about  5 hours  reliably  reduces  vigilance.  A sleep 
debt  is  cumulative.  The  effect  is  much  the  same  whether  the  5 hr  are  lost  on  a single 
night,  or  whether  fewer  hours  are  lost  on  each  of  2 or  3 consecutive  nights.  If  a 
sonar  man  spends  part  of  the  night  awake  on  watch,  be  should  be  given  compensatory 
sleep  the  next  day  before  coming  on  watch  again. 

51.  In  the  second  section  of  the  tabic,  loss  of  sleep  is  probably  partly  responsible  for 
the  reduced  vigilance  at  05.  00  hr  or.  the  rotating  watch.  The  men  work  the  previous 
evening  from  20. 00  to  24. 00  hr,  and  come  on  watch  again  at  04. 00  hr.  This  means 
that  they  probably  have  a sleep  debt  of  about  5 hr  when  they  come  on  watch  at  04, 00  hr, 
because  part  of  the  4 hr  break  is  taken  up  with  getting  to  and  from  their  sleeping 
quarters,  having  a snack,  and  so  on. 

52.  The  result  indicates  that  a sonar  men  who  works  the  second  half  of  the  night,  should 
cot  work  late  the  evening  before.  The  time  should  be  spent  in  going  to  bed  early,  in 
anticipation  of  the  early  rise  th"  next  day. 

53.  Unfortunately  this  still  leaves  the  problem  of  the  low  level  of  vigilance  on  first 
waking  up,  which  is  discussed  in  the  next  section.  If  the  sonar  man  gets  up  a few  hours 
before  he  comes  on  duty  at  04. 00  hr,  he  misses  most  of  the  night  for  sleeping.  To 
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compensate  for  this,  he  needs  to  sleep  in  the  late  afternoon  and  evening.  Tt  is  not  an 
easy  time  to  sleep,  unless  a man  is  used  to  it.  Getting  men  used  to  sleeping  at  uncon- 
ventional times  of  the  day,  means  introducing  a stabilized  watchkeeping  system. 

Reduced  vigilance  at  the  start  of  the  working  day  and  after  a heavy  lunch 

54.  Unfortunately  it  is  not  possible  to  compare  the  overall  levels  of  performance  of  the 
watchkeeping  experiments  listed  towards  the  top  of  Table  2.  This  is  because  the  tasks 
performed  are  not  comparable.  But  there  is  an  important  conclusion  which  can  be  drawn 
from  the  experiments  with  stabilized  watches.  This  is  that  after  acclimatization, 
vigilance  tends  to  be  low  at  the  start  of  the  working  day  at  whatever  time  in  the  24  hours 
it  occurs.  Vigilance  also  tends  to  be  low  after  a good  lunch. 

55.  There  are  quite  simple  ways  of  counteracting  these  undesirable  effects.  The  sonar 
man  should  get  up  an  hour  or  two  before  he  starts  his  watch.  And  the  heavy  meal  of  the 
day  should  be  taken  after  work,  not  just  before  a watch. 

Increased  vigilance  when  a little  too  hot  for  comfort 

6.  Table  2 shows  that  acclimatized  men  are  most  vigilant  at  an  effective  temperature 
of  about  27  C (80  F),  when  dressed  only  in  shorts.  This  corresponds  to  an  air 
tempo raturg  of  about  31  C (88  F),  with  a humidity  sufficient  to  give  a wet  bulb  reading 
of  25  C (77  F),  and  a certain  amount  of  air  movement.  Men  are  less  vigilant  in  both 
hotter  and  cooler  climates.  They  are  more  vigilant  with  a mild  artificial  fever,  although 
not  with  a feverish  illness. 

57.  This  suggests  that  sonar  rooms  should  be  too  warm  rather  than  too  cool.  Perhaps 
an  air  temperature  of  27  C (80  F)  should  be  recommended  for  men  dressed  in  shirts 
and  trousers.  However  the  results  favouring  warmth  are  based  upon  short  tests  with 

a relatively  large  number  of  signals.  Except  for  the  experiments  on  feverish  illnesses, 
all  the  signals  come  from  a single  source.  No  visual  search  is  involved.  Clearly  a 
final  conclusion  must  await  trials  at  sea,  using  sonar  cabins  with  different  temperatures. 

Varied  auditory  stimulation  increases  visual  vigilance 

58.  The  first  section  on  noise  in  Table  2 is  concerned  with  the  effect  of  continuous  loud 
noise  on  visual  vigilance  tasks.  Columns  3 and  4 show  that  noise  at  a sound  pressure 
level  of  100  or  95dB  sometimes  reduces  vigilance  and  sometimes  increases  vigilance. 
This  is  because  noise  has  2 opposite  effects  upon  performance.  It  reduces  the  efficiency 
of  performance,  but  it  does  keep  the  man  aroused  and  alert.  In  vigilance  tasks  the 
arousing  effect  is  sometimes  more  important  than  the  effect  upon  efficiency.  This 
suggests  that  ship  noises  are  not  necessarily  harmful  to  visual  sonar  work. 

59.  The  third  section  on  noise  is  concerned  with  varied  noise,  generally  between  70 
and  80dB.  Varied  noise  is  beter  than  continuous  unvarying  noise  when  a man  is 
performing  a visual  vigilance  task.  This  suggests  that  the  sonar  man  should  not  be 
kept  isolated  and  quiet.  He  is  more  likely  to  remain  alert  in  a cabin  with  other 
activities  going  on  around  him. 

Motion  sickness  remedies 

60.  In  rough  weather  the  officer  in  charge  has  an  unsatisfactory  choice.  He  can  have 
a sonar  man  who  is  inefficient  because  he  is  feeling  and  being  sick.  Or  he  can  have  a 
sonar  man  who  is  inefficient  because  he  has  taken  a remedy  for  motion  sickness  which 
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depresses  the  brain.  The  experimental  comparison  needs  to  be  carried  out  at  sea  in 
rough  weather.  It  has  still  to  be  done.  The  only  experiment  of  the  kind  yet  to  be 
performed,  usee  simple  arithmetical  additions  as  the  task,  and  life  rafts  on  artificial 
waves.  The  enlisted  men  perform  better  with  the  motion  sickness  remedies  than 
without  {Brand,  Colquhoun,  Gould  and  Perry,  1967). 
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72dB 

Yes 

No 

j .at on  flashing  lig 
j an  occasional  brig 
J flasr.  than  usual 

radio 

conversa- 

tion 

white 
noise 
? dB 

Ye3 

Vo 

j latch  clock  hanc  f 
i occasional  double 

I 

j 

S 

radio 

broadcasts 

SOdB 

fan 

noise 

50dB 

Yes 

Vo 

Loo/,  for  J success 
odd  digits  in  a s* 
j of  type-written  d: 

Amphetamine 

dl-aaphetaaine  sulphate 
(benzedrine) 

Dose 
10  mg 

none 

Yes 

Vo 

I 

1 

! atcr  r.tatihg  net 
j an  o'.c.isional  Dnt 

I 

! 10  mg 

none 

Yes 

Vo 

j arch  clock  seconc 
! for  ?n  occasional 
! C-ump 

d-emphetamine  sulphate 
(dexedrine) 

10  mg 

none 

Yes 

!o 

1 

Listen  for  an  occ< 
noi-e  pulse  slighl 
Ivu-.er  * .an  usual 

Remedy  for1 

motion 

sickness 

1-hyoacine 

hydrobromide 

Hone 

1 mg 

Yes 

No 

3r.ee/  a set  of  ty; 
written  digits  ag( 
a heard  set 

Alcohol 

70  ml  of  90S*  alcohol 
( equivalent  to  2 
double  whiskies) 

None 

70  ml 

Yes 

- - 

Check  a set  of  ty 
written  digits  ag 
heard  set 

Hypoxia 

Percent  oxygen  in  air 
breathed  (equivalent  to 
various  heights  above 
sea  level) 

21  vc  oxygen 
(sea  level) 

125«  oxy- 
gen 

(5,000  m 
or 

15,000ft) 

Yes 

Vo  ) 

) 
) 
) 
) 

No  | 

) 

) 

) 

Natch  flashing  li 
occasional  bright 
flash  than  usual 

/ 

21,o  oxygen 
(9#a  level] 

H70  oxy- 
gen 

(6,000  m 
or 

17,000ft) 

Yes 

No 

smoking 

No  smoking  for  20  hr 
by  habitual  smokers 

Normal 

smokinc 

No 

smoking 

Yes 

Yes 

'’•atch  for  peripl 

visual  signals  1 
tracking 

pi i mat 
t*at  1 on 


Nature  of 
vi -i lance  task 


No.  of 
Sessions 
per  man 


Na 


People 

Kind 


Authors) 


Tear 


*o 


Ho 


Ho 


Ho 

Ho 


•'atcr.  lamp  for  an 
occasional  brief  off 
period 

'.atcr.  flashing  light  for 
an  occasional  bn^ter 
flasr.  to  an  usual 

7'atch  clock  hand  for  an 
occasional  double  jump 


Look  for  3 successive 
odd  digits  in  a set 
of  tvpe-written  digits 


112 


Enlisted  men 


28  Enlisted  men 


15*15 


14+14 


Hen 

undergrade 

uates 

Undergrad- 

uates 


V.are.Kowal  & Baker 


McGrath 


Poock  k Wiener 


Davies , Hockay  k Taylor 


19M 


1963 


1966 


1969 


".'atcr.  rotating  needle  forj 
an  occasional  Lnef  stop 

"atch  clock  second  hand 
for  an  occasional  double 
pump 

Listen  for  an  occasional 
noise  pulse  slightly 
louder  tnan  usual 


3 

3 


56 


24 


24 


Housewives 


Enlisted 

wen 


Students 


J F Mackvorth 


N H Mackvorth 


Loeb,Hawkes,  Evans 
and  Alluisi 


Cneck  a set  of  type- 
written digits  against 
a heard  3et 


11+11 


Ehlieted 

men 


Colquhoun 


1965 

1961 

1965 


1962 


19^2 


Check  a set  of  type- 
written digits  against  a 
heard  set 


11+11 


Ehlisted 

men 


Colquhoun 


